1. Introduction {#s0005}
===============

Heart failure (HF) with preserved left ventricular ejection fraction (HFpEF) is a common disease with high morbidity and mortality. Prevalence of HFpEF is high [@b0005], [@b0010] and a specific pharmacological treatment has not been found to date [@b0015], [@b0020], [@b0025], [@b0030]. This makes HFpEF a growing public health problem [@b0005], [@b0010]. Therefore, an intensified search for prevention and treatment strategies in HFpEF is of global interest.

To date, programs on prevention or screening for patients at risk for HFpEF are scarce [@b0035], [@b0040]. First symptoms, like fatigue and reduced exercise capacity, are often unspecific [@b0010] and may lead to delayed consultation of practitioners. In overt HFpEF no pharmacological treatment has been identified to reduce hospitalization and mortality [@b0010].

On echocardiography, many patients present with preserved left ventricular (LV) systolic function and LV diastolic dysfunction, but report no signs or symptoms of HF [@b0045]. This asymptomatic LV diastolic dysfunction is associated with development of HF in the future [@b0050], [@b0055].

Investigation of prognosis in patients at risk of HFpEF has previously been a challenge [@b0045]. Data from the Framingham Heart Study showed that diastolic dysfunction is associated with increased risk of HF [@b0060]. Left atrial diameter has shown prognostic value in a small cohort with preserved LV ejection fraction (LVEF) [@b0065]. However, since it has been debated for years how to properly diagnose HFpEF there is also no consensus on how to screen for patients with high risk for developing HFpEF in the future. These patients might benefit from an early and more aggressive therapy of comorbidities or from more frequent follow-ups to prevent or delay the development of HFpEF.

A number of risk factors and comorbidities contribute to development of HFpEF: obesity [@b0070], advancing age, diabetes [@b0075], hypertension, coronary artery disease and obstructive sleep apnea [@b0080], [@b0085], [@b0090]. Therefore, several screening approaches have been suggested, including these risk factors and natriuretic peptides (BNP, NT-proBNP) [@b0075], [@b0095], [@b0100], [@b0105]. Also, several new biomarkers may indicate an elevated risk for HFpEF (e.g. markers of myocardial fibrosis or mitochondrial dysfunction) [@b0085], [@b0090], [@b0095].

In 2007 a working group of the HFA/ESC presented a consensus algorithm on how to diagnose HFpEF [@b0125]. The following conditions have to be fulfilled for diagnosis of HFpEF: signs and symptoms of HF, LVEF \> 50% and normal or only mildly abnormal LV dimension, and evidence of diastolic dysfunction (e.g. obtained by tissue Doppler measurement of E/e' ratio) and/or elevated natriuretic peptides (NT-proBNP or BNP) and/or atrial fibrillation. Although these criteria aim for diagnosing symptomatic HFpEF, they may also serve to identify asymptomatic patients at risk for progression to overt HFpEF and adverse cardiovascular events.

In this work, we investigate whether HFA/ESC criteria for HFpEF are suitable for screening patients at risk of developing overt HFpEF within a cohort with asymptomatic LV diastolic dysfunction. Also, we assessed whether these criteria may be of prognostic value in asymptomatic patients with risk for HFpEF.

2. Methods {#s0010}
==========

2.1. DIAST-CHF study {#s0015}
--------------------

The Diagnostic Trial on Prevalence and Clinical Course of Diastolic Dysfunction and Heart Failure (DIAST-CHF) was a multicenter, prospective cohort study initiated in 2004 as part of the nationwide German Competence Network Heart Failure [@b0130]. Patients were eligible to participate in the DIAST-CHF study if they fulfilled all following inclusion criteria: age 50--85 years, presence of at least one cardiovascular risk factor (history of hypertension, diabetes mellitus, sleep apnea syndrome or atherosclerotic disease) or had a previous diagnosis of HF. Patients underwent a comprehensive non-invasive clinical assessment, including ECG, blood pressure measurement, detailed echocardiography, 6-minute walk test (6MWT) and blood analysis at baseline and were frequently followed up in person in a clinical trial center and via telephone for 10 years of follow-up. Hospitalizations and death were assessed by acquiring information from treating physicians. The study complies with the Declaration of Helsinki, and all patients gave written informed consent before being included in the study.

2.2. Identification of asymptomatic patients for analysis {#s0020}
---------------------------------------------------------

A total of 1727 patients with at least one risk factor for HF were selected from all patients included in the DIAST-CHF study. A flowchart of the selection process is shown in [Fig. 1](#f0005){ref-type="fig"}. After excluding all patients with unclassified or restricted LVEF or signs/symptoms of HF, 851 asymptomatic patients with LVEF \> 50% (calculated by Simpson) were included into the baseline analyses. Patients were further assessed whether they fulfilled criteria of HFA/ESC recommendations on diagnosis of HFpEF [@b0125]. Patients were categorized as FPe (elevated LV filling pressure) if tissue doppler derived mean E/e' ratio (mean of septal and lateral) was \> 15 or if E/e' ratio was \> 8 but \< 15 and either NT-proBNP levels \> 220 ng/l or BNP levels \> 200 ng/l or atrial fibrillation were present. All patients that did not fulfill these criteria were categorized as controls. For outcome analysis, all patients with a known follow-up status after 10 years were included.Fig. 1Flowchart for selection of patients for analysis: At baseline asymptomatic patients with preserved left ventricular ejection fraction (LVEF) were classified according to HFA/ESC criteria for HFpEF. Outcome was assessed over ten years after baseline. FPe = asymptomatic patients that fulfill HFA/ESC criteria (elevated LV filing pressure), E/e' \>15 or 15 \> E/e' \>8 and either atrial fibrillation or NT-proBNP \> 220 ng/l or BNP \> 200 ng/l. From 181 patients who fulfilled the HFA/ESC criteria 82 were hat E/e' \> 15 (45.3%). 75 patients had E/e' \> 8 and NT-proBNP \> 220 (41.4%), 16 patients had E/e' \> 8 and atrial fibrillation (8.8%) and 8 patients had E/e' \> 8 and both NT-proBNP \> 220 and atrial fibrillation (4.4%). controls = all asymptomatic patients that did not fulfill criteria.

2.3. Statistics {#s0025}
---------------

Baseline characteristics were analyzed using mean and standard deviation with *t* test (metric variables) and cross tabulation with chi-square-test (categorical variables). For analysis of NT-proBNP and BNP, median with quartiles and Wilcoxon-Mann-Whitney *U* test were used. P values were adjusted for multiple testing by the method of Bonferroni and Holm. For baseline characteristics, raw p values are presented but those that remained significant are marked bold.

To find baseline characteristics multiply associated with FPe classification, we performed a backward variable selection based on Akaikes information criterion using the R function step. The logistic regression procedure started with the variables age, sex, pulse pressure, coronary heart disease, atrial fibrillation, renal dysfunction, beta-blocker use and anticoagulation. The remaining variables built a final model for estimating the effects with 95% confidence interval (CI). We depicted the results by means of a forest plot.

Similar, the dependency of all-cause mortality, death or cardiovascular hospitalization, the occurrence of HF signs and symptoms and the combined endpoint of all three events from FPe classification was investigated. For mortality and hospitalization, we used Cox regression. Including the patients with status at their study end enabled us to use all patients in time-to-event analysis. Logistic regression was performed for the first occurrence of HF signs and symptoms. We present hazard and odds ratios with 95% CI for FPe, first unadjusted, second adjusted by age and sex and finally adjusted by all variables independently associated with the endpoint.

For the competing events death and cardiovascular hospitalization, we performed the analysis of cumulative incidences following Gray et al. 1988[@b0135]. Cumulative incidence curves were generated, group comparisons were performed for both events.

A p-value \< 0.05 (two tailed) was considered statistically significant. SPSS Statistics Version 24.0 (IBM, Chicago, IL, USA) and R inclusive the packages survival, glm2, and Hmisc was applied for the analyses.

3. Results {#s0030}
==========

Baseline characteristics of all asymptomatic patients are shown in [Table 1](#t0005){ref-type="table"}. Age, sex, heart rate, as well as systolic, diastolic and pulse pressure showed significant differences between FPe and controls. FPe were older (69.7 years vs. 64.4 years, p \< 0.001), more frequently female, had a lower heart rate, higher systolic and lower diastolic blood pressure and thus higher pulse pressure (p \< 0.001). The cohort is obese with mean BMI 28.1 kg/m^2^. Coronary artery disease and atrial fibrillation were significantly more often reported in FPe than in controls (29.8% vs. 11.9% and 16% vs. 1.9%, p \< 0.001, respectively). Consequently, FPe patients were significantly more often treated with anti-platelet drugs and anti-coagulants (p = 0.001 and p \< 0.001), as well as with blood pressure lowering drugs (p = 0.002), especially with beta-blockers (p \< 0.001). However, systolic blood pressure was high on baseline examination (153 ± 22 mmHg in FPe, 149 ± 20 mmHg in controls, p = 0.017).Table 1Baseline characteristics of all asymptomatic patients.VariableAll subjectsFPecontrolsP-valueNumber of subjects851181670--Age \[years\]65.5 (7.6)69.7 (7.7)64.4 (7.2)**\<0.001\***Female378 (44.4%)98 (54.1%)280 (41.8%)0.003**Physical examination**BMI \[kg/m[2](#tblfn2){ref-type="table-fn"}\]28.1 (4)27.7 (3.9)28.2 (4)0.11Systolic blood pressure \[mmHg\]150 (21)153 (22)149 (20)0.017Diastolic blood pressure \[mmHg\]85 (11)83 (12)86 (11)0.010Pulse pressure \[mmHg\]64 (17)70 (18)63 (16)**\<0.001\***Mean arterial pressure \[mmHg\]107 (13)106 (14)107 (13)0.81Heart rate \[1/min\]66 (11)63 (12)66 (11)0.001**Cardiac diagnoses and risk factors**History of diagnosis of heart failure28 (3.3%)8 (4.4%)20 (3%)0.34Coronary heart disease134 (15.7%)54 (29.8%)80 (11.9%)**\<0.001\***Atrial fibrillation42 (4.9%)29 (16%)13 (1.9%)**\<0.001\***Hypertension751 (88.2%)166 (91.7%)585 (87.3%)0.10Hyperlipidaemia350 (41.1%)74 (40.9%)276 (41.2%)0.94Obesity228 (26.8%)40 (22.1%)188 (28.1%)0.11Diabetes mellitus194 (22.8%)41 (22.7%)153 (22.8%)0.96Sleep apnoea47 (5.5%)9 (5%)38 (5.7%)0.72Current smoker112 (13.2%)18 (9.9%)94 (14%)0.15Depression90 (0.1%)22 (12.2%)68 (10.1%)0.61**Medication**Any blood pressure lowering agent698 (82%)163 (90.1%)535 (79.9%)0.002Diuretic agent370 (43.5%)89 (49.2%)281 (41.9%)0.08- Loop diuretic34 (4%)12 (6.6%)22 (3.3%)0.041- Thiazide344 (40.4%)81 (44.8%)263 (39.3%)0.18- Potassium sparing diuretic44 (5.2%)11 (6.1%)33 (4.9%)0.54- Aldosterone receptor antagonist5 (0.6%)2 (1.1%)3 (0.4%)0.31Other blood pressure lowering agent678 (79.7%)158 (87.3%)520 (77.6%)0.004- ACE inhibitor362 (42.5%)90 (49.7%)272 (40.6%)0.028- Angiotensin receptor antagonist129 (15.2%)31 (17.1%)98 (14.6%)0.41- Beta-blocker400 (47%)112 (61.9%)288 (43%)**\<0.001\***- Calcium channel blocker157 (18.4%)42 (23.2%)115 (17.2%)0.063Insulin62 (7.3%)18 (9.9%)44 (6.6%)0.12Oral antidiabetic111 (13%)27 (14.9%)84 (12.5%)0.40Anti-platelet therapy274 (32.2%)76 (42%)198 (29.6%)0.001Anti-coagulant31 (3.6%)19 (10.5%)12 (1.8%)**\<0.001\***Statin215 (25.3%)55 (30.4%)160 (23.9%)0.074**Laboratory measurements**NTpro-BNP \[ng/L\]85 (47; 169)262 (165; 434)70 (42; 122)**\<0.001\***BNP \[ng/L\]49 (25; 95)116 (65; 181)40 (22; 72)**\<0.001\***Hemoglobin \[g/dL\]14.7 (9.2)15.1 (17)14.6 (5.5)0.67Anaemia[1](#tblfn1){ref-type="table-fn"}46 (5.4)18 (9.9)28 (4.2)0.002eGFR \[mL/min/1.73 m[2](#tblfn2){ref-type="table-fn"} BSA\]73.5 (18.2)67.6 (19.4)75 (17.5)**\<0.001\***Renal dysfunction[2](#tblfn2){ref-type="table-fn"}132 (15.5)45 (24.9)87 (13.0)**\<0.001\*Echocardiography**LVEF \[%\]61.5 (6.3)61.1 (7)61.6 (6.1)0.39LVEDD \[mm\]49.1 (5.6)48.7 (5.8)49.2 (5.5)0.33LVEDVI \[mL/m[2](#tblfn2){ref-type="table-fn"} BSA\]49 (12.5)48.8 (13.8)49 (12.1)0.85IVST \[mm\]12.2 (1.9)12.6 (1.9)12.1 (1.8)0.002LVPWT \[mm\]11.3 (1.7)11.5 (1.5)11.2 (1.7)0.063LVMI \[g/m[2](#tblfn2){ref-type="table-fn"} BSA\]84.4 (47.5)88.1 (40.8)83.5 (49.2)0.20LAVI \[mL/m[2](#tblfn2){ref-type="table-fn"} BSA\]47.2 (16.6)55.9 (20)45.2 (15.1)**\<0.001\***Ventricular filling- Mitral E wave peak velocity \[cm/s\]71.8 (18.1)84.7 (20.3)68.3 (15.7)**\<0.001\***- Mitral A wave peak velocity \[cm/s\]78.9 (18.3)85.9 (21.3)77.2 (17)**\<0.001\***- Tissue Doppler e\' \[cm/s\][3](#tblfn3){ref-type="table-fn"}7.2 (1.9)6.4 (1.8)7.4 (1.8)**\<0.001\***- Tissue Doppler a\' \[cm/s\][3](#tblfn3){ref-type="table-fn"}10.9 (2)10.1 (2)11.1 (2)**\<0.001\***- E/e\' ratio (mean of septal/lateral)10.6 (3.4)14.1 (4.2)9.6 (2.4)**\<0.001\*6-minute walk test (6MWT)**Distance \[m\]542 (91)521 (87)547 (92)0.001[^2][^3][^4][^5][^6][^7]

Laboratory measurements showed significantly higher levels of NT-proBNP and BNP (p \< 0.001, respectively), more cases of manifest anemia (p = 0.002), as well as lower eGFR and more cases of diagnosed renal dysfunction (p \< 0.001, respectively) among FPe.

On echocardiography, FPe presented with a significantly thicker interventricular septum (p = 0.002) but no significant difference in posterior wall thickness or left ventricular mass index. Left atrial volume index (LAVI), and mitral E and A wave peak velocity were higher and tissue Doppler derived mean e' and a' were lower in FPe, resulting in a higher mean E/e' ratio.

Although all patients were asymptomatic, FPe patients had a significantly lower walking distance than controls (521 m vs. 547 m, p = 0.001).

After correction for multiple testing several baseline characteristics were shown to be associated with FPe classification (see [Fig. 2](#f0010){ref-type="fig"}A and table 4 supp): age, female sex, atrial fibrillation, history of coronary artery disease and anemia. Atrial fibrillation (OR 9.07) and coronary artery disease (OR 3.24) showed the strongest association to FPe.Fig. 2(A) Characteristics associated with FPe classification: Multiple logistic model for elevated left ventricular filling pressures according to HFA/ESC criteria (FPe) in asymptomatic patients at baseline. Odd's ratio and 95% CI. Anaemia is defined according to WHO: Hb \< 13 g/dL (m), \<12 g/dL (f). (B) Cumulative incidences for death and cardiovascular hospitalization within a 10-year follow-up: Asymptomatic patients who fulfill HFA/ESC criteria for HFpEF (FPe) significantly more often showed events of death than controls (p \< 0.001) but did not differ in the amount of cardiovascular hospitalization within a 10-year follow-up. (C) Outcome status after 10 years (first event): Within a 10-year follow-up, patients with elevated left ventricular filling pressures according to HFA/ESC criteria (FPe, n = 181, grey) showed a significantly higher number of total events (p = 0.005) than controls (n = 670, white). However, this difference is mainly a consequence of 11.3% more patients with signs and symptoms of heart failure (HF) in FPe. Only in 4% death was the first occurring event (e.g prior to occurrence of HF signs/symptoms). In controls 38% of all patients did not show any event within a 10-year follow-up. Event = new occurence of HF signs/symptoms, cardiovascular hospitalization, death.

Outcome analysis was performed for 851 patients and showed that within ten years follow-up FPe had significantly more cumulative events of all-cause death than controls (p \< 0.001, [Fig. 2](#f0010){ref-type="fig"}B). Cumulative incidences for first cardiovascular hospitalization did not differ between FPe and controls. Interestingly, only in 4% death was the first occurring event with no difference between FPe and controls ([Fig. 2](#f0010){ref-type="fig"}C). However, FPe showed a significantly higher number of total events than controls (p = 0.005), which is accounted for by significantly more new-onset of HF signs and symptoms in FPe, whereas significantly more controls (38%) did not show any event within a 10-year follow-up. No difference was seen for cardiovascular hospitalization as first event between the groups.

FPe classification was associated with increased all-cause mortality even after adjustment for age and sex, heart rate and renal impairment (p = 0.004, [Table 2](#t0010){ref-type="table"}). Also, after adjustment for covariables age, sex, renal impairment and beta blocker therapy FPe was associated with significantly higher risk for death or cardiovascular hospitalization (HR 1.43, 95% CI 1.04--1.97, [Table 2](#t0010){ref-type="table"}). Occurrence of HF signs and symptoms was not shown to be significantly associated with FPe after adjustment for age, coronary artery disease, pulse pressure and heart rate. In a sensitivity analysis of the 646 patients (76%) with a 10-year follow-up showed good accordance to the main cohort with only minimal deviation in values (see table 3 supp).Table 2Logistic and Cox regression to predict outcomes after 10 years for FPe and covariates.Endpoint variable and regression modelRisk ratio for FPe (95% CI)P value**Combined endpoint of either death, cardiovascular hospitalization or occurrence of HF signs/symptomsOR**Unadjusted1.61 \[1.12 -- 2.31\]0.010Adjusted for age and sex1.41 \[0.97 -- 2.06\]0.072Adjusted for age, betablocker and anticoagulant therapy1.13 \[0.76 -- 1.67\]0.550**All-cause mortalityHR**Unadjusted3.13 \[2.05 -- 4.79\]\<0.001Adjusted for age and sex1.90 \[1.21 -- 2.99\]0.005Adjusted for age and sex, heart rate and renal impairment1.98 \[1.25 -- 3.14\]0.004**Death or cardiovascular hospitalizationHR**Unadjusted2.08 \[1.55 -- 2.79\]\<0.001Adjusted for age and sex1.61 \[1.18 -- 2.21\]0.003Adjusted for age, sex, renal impairment and betablocker therapy1.43 \[1.04 -- 1.97\]0.026**Occurrence of HF signs/symptomsOR**Unadjusted1.60 \[1.14 -- 2.26\]0.007Adjusted for age and sex1.47 \[1.03 -- 2.10\]0.034Adjusted for age, sex, coronary artery disease, pulse pressure and heart rate1.22 \[0.84 -- 1.77\]0.310[^8]

4. Discussion {#s0035}
=============

The present work demonstrates that asymptomatic patients with preserved LVEF and at least one cardiovascular risk factor have a worse outcome if they meet HFA/ESC criteria for HFpEF [@b0125] as compared with asymptomatic patients who do not meet the criteria. For the first time, this work shows the potential prognostic value of the HFA/ESC criteria and their importance for early identification of asymptomatic patients with risk of HF and cardiovascular death.

4.1. Study population {#s0040}
---------------------

The DIAST-CHF study included well-characterized patients with risk of HF and a long-term follow-up. Patients are representative according to age and comorbidities. In comparison to other cohorts [@b0055], [@b0085], women are represented almost adequately (44.4% of all patients were female). Although all patients in this analysis were asymptomatic and had current echocardiography revealing preserved LVEF, baseline characteristics were significantly different between FPe and controls. This offers valuable insight into the need of more differentiated characterization of asymptomatic patients with risk factors for HF.

4.2. Arterial hypertension {#s0045}
--------------------------

Among all patients 88.2% have known arterial hypertension, but blood pressure control is insufficient. Additionally, FPe patients show a higher systolic blood pressure at baseline than controls. Since blood pressure management in HFpEF is complicated by comorbidities despite of guidelines [@b0140] further research is needed to investigate whether more consequent treatment of arterial hypertension in the FPe group may decrease hospitalization and mortality.

4.3. Coronary artery disease {#s0050}
----------------------------

Our data show the clear association between coronary artery disease, increasing age and female sex and HFA/ESC criteria. Previous analyses present similar data: In a cohort with coronary artery disease and no history of HF, moderate to severe LV diastolic dysfunction was predictive of incident hospitalization for HF in a 3-year-follow-up [@b0085]. Although the cohort was smaller than DIAST-CHF, the investigators did not apply HFA/ESC criteria for HFpEF and diastolic dysfunction was assessed without using e'-value it still underlines our results and states the importance of coronary artery disease as risk factor for HFpEF. In the DIAST-CHF cohort all patients were clinically stable and adequately treated according to guidelines at baseline. Coronary artery disease was assessed by the investigator and status of revascularization was not evaluated invasively. Therefore, it should be investigated whether coronary artery disease including coronary microvascular disease needs further treatment or more frequent follow-ups the FPe group to delay or even prevent onset of HF.

4.4. Diastolic dysfunction {#s0055}
--------------------------

Asymptomatic diastolic dysfunction and its progression to HF have previously been assessed. In a single-center trial Kane et al. reported an HF incidence of 22.6% in patients with asymptomatic diastolic dysfunction and progression in diastolic dysfunction over a 6-year-follow-up [@b0050]. In our cohort occurrence of HF in 10-years of follow-up was higher (65% in FPe, 54% in controls, n = 851). Since Kane et al. did not apply HFA/ESC criteria for HFpEF, included younger patients (≥45 years) and excluded atrial fibrillation from analysis, their study population may have been healthier with less severe diastolic dysfunction. Also, due to study design Kane et al. may have underestimated worsening of diastolic dysfunction [@b0050]. A meta-analysis recently demonstrated a relative risk of HF of 1.7 in asymptomatic LV diastolic dysfunction in 7.9 years of average follow-up compared to asymptomatic patients without LV diastolic dysfunction [@b0055]. This is comparable with our data (OR 1.60 for occurrence of HF signs or symptoms in FPe), although diastolic dysfunction was not assessed using HFA/ESC criteria in the meta-analysis.

4.5. Non-cardiovascular risk factors {#s0060}
------------------------------------

Lund et al. showed that in patients with HFpEF prognosis was determined by non-cardiovascular co-morbidities including anemia, valve disease and non-cardiovascular syncope [@b0145]. Our data underline this finding: Overall 5.4% of our patients reported anemia, 15.5% had history of renal dysfunction, and both co-morbidities were significantly more often present in FPe than in controls (9.9% vs. 4.2%, p = 0.002 and 24.9% vs. 13.0%, p \< 0.001, respectively).

Interestingly, prevalence of diabetes mellitus did not show any difference between FPe and controls in our cohort whereas previous data suggest that asymptomatic diabetic patients have a high incidence of diastolic dysfunction (E/e' \> 15) [@b0150]. Also, patients with type 2 diabetes have a higher risk of developing HF [@b0155]. However, in our data presence of diabetes was not associated with FPe classification although 22.8% of our study population presented with diabetes. This suggests that HFA/ESC criteria for HFpEF may be valuable for outcome assessment in asymptomatic patients independent of presence of diabetes.

Depression is a known prognostically relevant comorbidity in HF [@b0160], [@b0165]. In our cohort depression was reported in only 0.1% of all patients whereas other cohorts with asymptomatic patients report higher prevalence of depression [@b0165]. In out cohort, at baseline 7.8% of all patients reported a PHQ-9 score of at least 10 with no significant difference between FPe and controls, and 5.8% of patients reported use of antidepressants (8.9% for FPe vs. 5.0% in controls, p = 0.043). Since in DIAST-CHF depression was primarily assessed by the investigator and only secondarily by validated questionnaires, PHQ-9 data suggest that undetected depression might be higher in our cohort.

Also, in future studies a more detailed assessment of pulmonary and peripheral vascular disease, as well as potential inflammatory abnormalities should be investigated, since these pathomechanisms are known to be involved in HFpEF [@b0170].

4.6. Natriuretic peptides {#s0065}
-------------------------

Many studies have stated the importance of natriuretic peptides as indicator of diastolic dysfunction in patients with preserved LVEF [@b0075], [@b0095], [@b0100], [@b0175], [@b0180]. However, whether natriuretic peptides may be used solely has been discussed since data were conflicting [@b0100], [@b0180]. Natriuretic peptides may be of different significance in males and females: Ahmadi et al. compared patients with regular and with impaired diastolic function and showed a significant difference in NT-proBNP levels in males whereas no difference was observed in females [@b0175]. In our cohort, FPe showed significantly higher NT-proBNP and BNP levels, significantly higher LAVI and E/e' ratio than controls. Because of this careful phenotypization, we believe that our patients were more characteristic of a cohort at risk of HFpEF than previous data. Natriuretic peptides show poor specificity and wide biological variability and may therefore not be used alone for screening for diastolic dysfunction but may be more meaningful when combined with other clinical parameters.

4.7. Outcome analysis {#s0070}
---------------------

In patients with normal LVEF and risk of HF outcome has previously been assessed [@b0050], [@b0055], [@b0085]. However, those trials focused on hospitalization and onset of HF and did not report incidence of all-cause death in asymptomatic diastolic dysfunction. In patients with coronary artery disease, LV diastolic dysfunction and no history of HF, death occurred in 7% of cases within a 3-year-follow-up [@b0085]. Our study clearly states the difference in outcome depending on HFA/ESC criteria: within a 10-year follow-up 14.8% of FPe and 7.5% of controls died (p \< 0.001, see [Fig. 2](#f0010){ref-type="fig"}B). These unique data demonstrate for the first time that HFA/ESC criteria on HFpEF are valuable for risk assessment in asymptomatic patients with diastolic dysfunction. Further data are necessary to explore whether asymptomatic patient that fulfill these criteria benefit from a more intensive treatment of their risk factors and comorbidities.

4.8. Limitations {#s0075}
----------------

Some important limitations should be mentioned. Since this work constitutes a retrospective analysis it is to be viewed as exploratory. Statistically significant associations should be assessed on clinical importance in the future. Nevertheless, this analysis illuminates the important value of HFA/ESC criteria on HFpEF which should be applied in future cohorts.

The DIAST-CHF study was powered for a cumulative endpoint of manifestation or worsening of heart failure, occurrence of cardiovascular events or cardiovascular death in patients with reduced and preserved LVEF. Our subgroup analysis on asymptomatic patients with preserved LVEF and LV diastolic dysfunction may offer valuable insights but in the future results should be reevaluated in an adequately powered cohort. Also, not all variables of the HFA/ESC criteria were assessed within the DIST-CHF trial since the trial started 2004 and the HFA/ESC criteria were published in 2007: No invasive hemodynamic measurements were available in our cohort.

Patients were classified as asymptomatic by absence of signs and symptoms of HF at baseline. However, patients with early stages of HFpEF often report unspecific symptoms like fatigue and impaired exercise capacity [@b0010]. Due to feasibility, unspecific HF symptoms were not investigated in the DIAST-CHF study. Also, only submaximal exercise capacity was assessed at baseline by using the 6-minute walk test (6MWT). More detailed assessment of exercise capacity (including maximal exercise capacity assessed by cardiopulmonary exercise testing) could have demasked early symptoms of HF. In addition, although significant differences in 6MWT-distance were observed between FPe and controls at baseline, long-term assessment of exercise capacity is missing, since 6MWT was performed by only very few patients at 10-year follow-up. Previous data show that LV diastolic dysfunction correlated with 6MWT results in hypertensive patients [@b0185].

An important limitation is that hospitalization, cardiovascular cause of hospitalization and death were assessed by the investigator. Patients may have not reported hospitalizations properly and the study investigator may have categorized them inadequately. For further studies, data collection should be performed in collaboration with health insurances to be more certain of data completeness.

Several newer scores were developed to enable a more precise diagnosis of HFpEF, including the H2FPEF score by Reddy et al.[@b0035] and the HFA-HEFF diagnostic algorithm by Pieske et al.[@b0190]. We believe that these algorithms may be valuable to assess outcome in asymptomatic patients, but both scores reflect different aspects of the disease. We exemplary analyzed how the H2FPEF score was distributed in our cohort and found a moderate correlation between the FPe group and high H2FPEF score (Kendall\'s tau_b = 0.21). Furthermore, the AUC (ROC analyses between the scores) was 0.66 suggesting that the interpretation of the scores should also consider the different components of the score itself.

The present work underlines the potential prognostic value of HFA/ESC criteria on HFpEF in asymptomatic patients at risk for developing HFpEF. Asymptomatic patients with preserved LVEF and LV diastolic dysfunction may benefit from a more frequent follow-up or from earlier or even more aggressive therapy of comorbidities to prevent or delay the development of HF. HFA/ESC criteria may be used for a systematic screening of patients at risk of developing HFpEF. Whether additional parameters (e.g. novel biomarkers, non-cardiovascular risk factors) may enrich these criteria for more precise identification of high-risk patients should be investigated in the future.

Asymptomatic patients with preserved LVEF that fulfill HFA/ESC criteria on HFpEF early develop overt HFpEF and have a worse 10-year outcome than those who do not fulfill criteria. Therefore, these criteria should be considered for outcome assessment and prevention of HFpEF in asymptomatic patients with risk factors for heart failure.
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[^1]: Both authors contributed equally and share last authorship.

[^2]: **\*** p-values, significant after correction for multiple testing.

[^3]: FPe = asymptomatic patients that fulfil HFA/ESC criteria for HFpEF and have elevated left ventricular filling pressure; controls = asymptomatic patients that do not fulfil HFA/ESC criteria.

[^4]: Pulse pressure is defined as the difference between systolic and diastolic pressure. IQR = interquartile range; LVEF = left ventricular ejection fraction; LVEDD = left ventricular end-diastolic diameter; LVEDVI = left ventricular end-diastolic volume index; IVST = inter-ventricular septum thickness; LVPWT = left ventricular posterior wall thickness; LAVI = left atrial volume index; LVMI = left ventricular mass index; Mean (standard deviation) is presented for continuous variables, count (%) for categorical and median \[interquartile range\] for the markers of neurohumoral activity.

[^5]: Anaemia, WHO classification: Hb \< 13 g/dL (m), \<12 g/dL (f).

[^6]: Renal dysfunction: eGFR \< 60 mL/min/1.73 m^2^ BSA.

[^7]: Mean of lateral and medial measurement.

[^8]: FPe = asymptomatic patients that fulfill HFA/ESC criteria for HFpEF (elevated left ventricular filling pressure); HF = heart failure.
